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Abstract 
Ionized calcium has a biological activity, this study has been debated whether the status of calcium homeostasis 
in correlated with anti-Mullerian hormone level how, does influence on the reproductive ability in some pre-
menopausal women. The current study was conducted in the college of science for women during the period from 
February 2015 to May 2016, study population was involved eighty volunteer women (20-35) years enrolled in this 
study, fifty women with primary infertility considered as a study group, while the other 30 volunteers parous women 
considered as a control group. ELISA kit was used to assay the serum level of anti-Mullerian and parathyroid hormone, 
whereas colorimetric technique was applied to evalute the total calcium, albumin, and inorganic phosphorus serum 
level, while ionized calcium is achieved by special equation depending on the total calcium and albumin level. 
Independent T-test analysis was applied to specify any significant variation for investigated parameters between control 
and study group, linear regression analyses were used to explore the association between ionized calcium and anti-
Mullerian hormone (AMH) level in both control and infertile groups. The results revealed that infertile group have 
significantly (p<0.001) lower mean serum ionized calcium level(4.31±0.61mg/dl)than the control 
group(5.57±0.45mg/dl) accompanied by significantly (p<0.001) increase in parathyroid hormone level (49.2±32.2 
ng/dl) in a study group in comparison with a control group whose reported (92.1±22.2ng/dl) mean concentration 
,infertile women revealed significantly decrease mean level in anti-Mullerian hormone (2.59±1.38ng/d)  compared with  
the control group (3.44±1.00ng/dl), linear regression analyses revealed a significant positive relation between's ionized 
calcium concentration and AMH level (r=0.58, p=0.000, n=40) in the control group, as well, there was a significant 
strong positive connection was seen between serum ionized calcium and AMH level for the infertile group (r=0.70, 
p=0.000, n=50),our conclusion suggested that any physiological process including reproductive ability may need in one 
way or another to balance in the availability of ionized calcium. 
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1-Introduction 
A significant number of specialists supported vitamin D involvement in reproductive potential, however, few 
examinations have explored the capability of calcium homeostasis on ovarian reserve and reproductive ability in 
human. The idea of our study arising from animal trial suggestion about calcium supplementation was provided to 
vitamin D receptor (VDR)mice, whereas this treatment ameliorated infertility though vitamin D is absent [1], as well 
that vitamin D deficiency can be to compensate by supplementation with adequate calcium and phosphorous as 
indicated by another investigator [2]. As calcium flow have been appeared to be essential in directing an expansive 
range of the physiological process, even slight height or regression of calcium particle in the extracellular liquid 
frequently causes excess rapid physiological effects [3,4] 
The serum or plasma calcium  is available in three structures: around 40 percent of the calcium is joined with 
proteins, around 10 percent of calcium joined with different substances (phosphate and citrate, for instance)  the ionized 
form of calcium composed about 50 percent, this ionic calcium is physiologically dynamic form and vital for most task 
of calcium in the body [5],though  nearly half the calcium  in the serum is combined with protein specifically albumin, 
but any change in protein concentration  does not influence on ionized calcium portion while cause changes in total 
calcium concentration   [6].  
The role of calcium ion as fundamental  messenger within the cells tissues of the body, indeed  ionized Ca is the 
most widely recognized as a transduction signal in biology owing to its capacity in binding reversibility to proteins and 
combine with anions, citrate and bicarbonate, for instance [7],in that manner many studies were conducted to 
investigate the task of current calcium ion  the physiology of oocyte in numerous  species of animals and have setup the 
part of calcium in oocyte activation and contributed in follicular development so confirmed that increases in an 
intracellular free Ca+2  in mouse oocytes is fundamental for automatically meiotic resumption [8,9], alongside calcium 
the inorganic phosphorous (iP) which other biochemical agents have strict control of plasma calcium and 
approximately all of the phosphorous found in the extracellular liquid area as inorganic phosphate form, the 
physiological level of inorganic phosphorus is an essential for ordinary cell work [ 10,11], this biochemical agent and 
calcium ion must be adjusted by endocrine  and metabolic agents including vitamin D and parathyroid hormone 
particularly when an excess of parathyroid hormone (PTH) level the kidney would response by raises the reabsorption 
of renal calcium and phosphate disposal [12,13]. Accordingly, this study has been debated to assess whether the ionized 
calcium homeostasis have possible effect on ovarian reserves capacity in which estimated by the measure of Anti-
Müllerian hormone (AMH) level to describe as a potential sign for ovarian reserves [14],this hormone is excreting by 
granulosa cells of small follicles in the ovary and its created in growing follicles till they access a step when prevalent 
follicle is separated from a group of antral follicles starting of puberty until menopause and regulates follicular 
recruitment and development within the ovary [15,16], Serum AMH level variability is very low enough through the 
menstrual cycle to enable measures the anti-Mullerian hormone through menstrual cycle at randomly timing  [17] 
2-Materials and Subjects of study 
   Population study enrolled in our study consisted of 50 women with primary infertility who sought medical help in 
private lab (Ibn Al-Nafees) in Hila city, also who attended to unit of infertility in maternity and pediatrics teaching 
hospital in Hila city, their aged between 20-35 years, a period work which lasted from February2015 to May 2016 year. 
Healthy forty parous volunteer's women who have similar age were enrolled in our study as the control group.  
Five-milliliter, non-fasting venous blood of maternal and infertile women was obtained through any day within 
the menstrual cycle in all women without application of a tourniquet, extraordinary attention must be carried with test 
transport, after the  specimen of blood was  gathered, the concentration of  ionized calcium suffer more environmental 
changes  as a comparison with total calcium, so the sample was withdrawn anaerobically   (to restrict the  dioxide 
leakage), and analysis the blood sample which transported under cold condition was carried out within hours  to reduce 
the lactate [18,19]  sera were isolated by centrifugation, sera brought together and partitioned into several aliquots and 
stored at -80 centigrade until required for examination, every gathered samples were performed in clusters to reduce 
variability within assays. Ionized calcium is obtained in (mg/dL) dependent upon the level of total calcium and albumin 
with the equation [20]:  
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iCa mg/dL. = [0.9 + (0.55 x tCa – 0.3 x albumin g/dL.)]  
a-Determination of serum total calcium, albumin and inorganic phosphorous 
Colorimetric determination of total serum calcium, serum albumin was done by using a kit supplied by (bioMeriex 
company) and serum Inorganic phosphorous determined by using a kit supplied by (Biolabo company), those analyses 
were performed according to procedures described in previous kits by using (spectrophotometer) at the biochemistry 
lab in college of science for women.  
b-Determination of serum anti-Mullerian hormone 
Anti-Mullerian hormone concentration was measured according to enzyme- linked immune sorbent assay as 
described in (Elabscience Biotechnology company kit), the results are determined directly by the reader of Elisa system 
(Bioteck company), the standard curve of anti-Mullerian determination was plotted in figure (1). 
 
 
 
Figure (1): Standard curve of anti-Mullerian hormone (AMH)concentration 
C-Determination of serum parathyroid hormone 
Parathyroid hormone concentration was measured according to Elisa kit (Abnova Company) for quantitative 
determination of intact-PTH in human serum, results are determined directly by the reader of Elisa system (Bioteck 
company), the standard curve of parathyroid hormone determination was plotted in figure 2. 
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Figure (2): Standard curve of parathyroid hormone (PTH)concentration 
d- Statistical analysis  
The data were analyzed by (SPSS) software version 18.0 and expressed in terms as mean ±SD. Independent T-
test analysis was used to determine any significant difference for investigating parameters between control and study 
group, linear regression analyses were in addition used to explore the association between ionized calcium and anti-
Mullerian hormone level in both control and infertile groups  
3-Results  
The data obtained are presented in table 1. Our data shows there was no statistical difference(p>0.05) between two 
groups for BMI, but infertile group have significantly (p<0.001) lower mean serum ionized calcium level than mean 
calcium ion value in control group, in addition those infertile women had higher significantly (p<0.05) albumin level 
compared with those in control group, moreover table 1 shows that mean serum phosphorus level which was 
significantly higher (p<0.01) in study group compared with its level in control group. 
Table 1: comparison in variables between control and study groups 
variable Control group 
n=40 
µ±SD 
Infertile group 
n=50 
µ±SD 
P value 
BMI (kg/m2) 28.2±8.1 28.3±8.2 0.08 
Albumin(g/dl) 3.8±0.21 4.8±0.42 0.0273* 
Ionized calcium (mg/dl) 5.57±0.45 4.31±0.61 0.000× 
Phosphorous (mg/dl) 3.5±0.22 4.6±0.82 0.0066** 
PTH (ng/dl) 92.1±22.2 94.2±32.2 0.000 × 
AMH (ng/dl) 4.33±1.00 2.59±1.38 0.000× 
Values are mean± standard deviations, *p<0.05, **p<0.01, ×p<0.001 
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Other than, our data revealed that infertile women had significantly (p<0.001) higher serum PTH value than 
subjects in control group, as well as, our results show that infertile women had significantly (p<0.001) lower 
concentration of serum AMH than those in control group. 
In the control group, there was a significant positive correlation between ionized calcium concentration and AMH 
level (r=0.58, p=0.000, n=40), also there was a significant positive correlation was seen between serum ionized calcium 
and AMH level for the infertile group (r=0.70, p=0.000, n=50) as exhibited in figure (3 and 4).  
 
 
Figure (3): Correlation between ionized calcium and anti-Mullerian hormone for control women group 
 
 
Figure (4): correlation between ionized calcium and anti-Mullerian hormone for infertile women group 
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4-Discussion 
In consistent with theory that suggested calcium status in body as a predictor of ovarian response to ovulation 
induction[21], infertile women presented a significantly diminishes in ionized Ca2 + compared with another group , that 
decline coincided  with a progressive rise in parathyroid hormone concentration as compared with those level in women 
with fecundity, this results agrees with Hebert [22] who confirms that extracellular calcium ion is the most indicator of 
PTH secretion in response to hypocalcemia sensed by the calcium-sensing receptor, thus the production of PTH is a 
compensatory mechanism in order to restores effectively of calcium level and maintain normal phosphorus level, but 
our data showed that infertile women has significantly decreased level of calcium ion compared with control group 
although they have a highly significant increase in PTH concentration compared with fertile women, possibly  that 
peripheral resistance to PTH secretion may be  present and the feedback suppression of PTH that liberate by the direct 
impact of calcium ion not responding properly, so that increase in the PTH secretion may be persistent, progressive or 
transient[23] as may be occurred in the subjects of the present study . However, secretion of PTH in response to 
hypocalcemia that result in a lack of sunlight, diet or malabsorption is known secondary hyperthyroidism [24].  
Concerning reciprocal relation among calcium ion and phosphorous which is observed clinically likely to the 
consequence of interrelated hormonal and physiological mechanism and interact in several fundamental processes [25] 
as similar obtain in control subjects but the data about infertile women is different, one explanation for this result may 
that raise in serum inorganic phosphorous as large as does not make a decline in serum ionized calcium by means of 
immediate physicochemical calcium hydrogen phosphate  (CaHPO4 )complex build great sufficient  that is the reason 
to create  secondary hyperparathyroidism  [25,26]. Inclusively, a previous study has shown that reduced serum calcium 
and elevated phosphate levels are accompanying with an elevation of parathyroid hormone level [27], the same 
responses may have existed in the current study among the infertile population, other project mentioned that 
disturbance  in relation between calcium and phosphorous owing to binding some kinds food with phosphorous which 
would have an impact on the net amount of phosphorous absorbed and concentration of extracellular  phosphorous[28] 
in view of the fact  hydrogen ions compete with calcium for binding site on albumin and other proteins hence calcium 
ion is affected by pH of women specimen [29] this gives suggestion that diminishing concentration of calcium ion 
among infertile group  may refer to their alkaline environmental specimen, likewise availability some binding agents 
for example: cellulose, phosphate, and oxalate lower the absorption of calcium by decrease of bioavailability dietary 
calcium [26].  
In concerning with serum ionized calcium concentration pertain to fertility status, it is important to point out the 
level of intracellular calcium lower than the extracellular because of relative membrane impermeability and membrane 
pumps employing active transport, this give suppose that decrease entry of calcium ion into inner cells in consequence 
to decline concentration of calcium ion out of the cell [30] whereas that changes in the intracellular free calcium  serve 
as signals that occur for oocyte and egg and embryos activation [31]. By using points proposed in the previous 
literature the calcium considered a signal in mammals eggs fertilization and involving early in oocyte maturation to 
electrical modification in gametes due currents calcium ion through the oocyte plasma membrane across ion channels 
which demonstrated on it [32]  within this context, the release of unfertilized eggs which is motivating  by intracellular  
Ca+2 for triggering the embryonic development is mediated sometime by a synergic cooperation by both intracellular 
and extracellular calcium ions which plasma membrane currents [ 33] from this sought the rate of calcium provided 
maternal decidua aids in the fertilization of the egg and implantation of the blastocyst during pregnancy hence calcium 
deficiency during trimesters of pregnancy causes many disorders[34,35]  
With regard to the role of calcium ion in follicular growth, previous studies were have found that  activation and 
maturation of animal oocyte is mediated by calcium ion resulting in the resumption and progression of follicular 
development to form the haploid gametes to fertilization at the first meiotic prophase [36] this raises the possibility in 
our study that calcium status in the body as a predictor of ovarian response to ovulation induction[21] Our findings 
included correlation of high calcium content with ovarian maturation [37], decreased ionized calcium level 
accompanied by the low concentration of AMH was showed among infertile women and the opposite is true in the 
fertile women, this may has corresponded with previous studies in which recorded that vitamin D has potential role in 
AMH expression, similarly other medical research sign to the role of vitamin D in regulating calcium uptake and 
stimulating differential cell [38,39]. 
Accordingly, this agrees with our results which demonstrated a positive linear relationship between calcium ion 
and AMH levels  in both fecund and not fecund subjects ,however this consistent with one researcher who confirm  that 
calcium ion may regulate AMH, then the magnitude of women's calcium ion should correlate with the hers magnitude 
of AMH and the low level of AMH indicator to the diminishing ovarian reserve [40,41] the suitable elucidation to the 
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same result was founded in the current study suggested that AMH concentration mirror to the number of follicles /
follicular cells that produce AMH[42].  
Own obtains have been suggested that the level of calcium ion act as an enhancer drive the follicles cells 
production then consequently contribute in stimulation of anti-Mullerian hormone secretion.  
5- Conclusion 
Our conclusion suggested that serum ionized calcium is a predictive of baseline ovarian reserve, which may in 
turn sign the level of anti-Mullerian hormone and any disturbance in calcium homeostasis may have been altered the 
ovarian reserve and result in reduction of reproductive capacity.  
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